DR. DALE JOHNSON: Desert Research Institute

Before I describe the modeling effort, I want to show a couple of figures on studies that are Jjust
under way near Reno that are an interesting comparison to Barton Flats. I would also like to
acknowledge my colleagues Randy Dahlgren, Virginia Boucher, and Andrzej Bytnerowicz.

These sites are located near Reno. One of them is Little Valley just over from Lake Tahoe and
one is near Truckee, California. In this Case, the issue was of pollution of Pristine waters by nitrate.
Many researchers find nitrate increases during snow melt in stream waters. Goldman has been studying
Lake Tahoe for 29 years now and he is finding that the lake is gradually becoming eutrophic. The secchi
depth (a measure of water clarity) is decreasing, Primarily because of nitrate deposition and that was the
justification for this particular set of studies. I want to show you that we have high nitrate going through
the system at Sagehen and we do not really know why. I have been trying to attract any collaborators
and money to find out more about it.

Concentrations of nitrate in snow melt are shown in Appendix 3, Figure 4. We put collectors
that collect snow melt as it naturally would melt into the soil. These levels were pretty high, 100
micromoles per liter, which is something like you see in the Great Smokey Mountains of North Carolina.
It is one thing to see nitrate in snow melt, but to see it in soil solution (Appendix 3, Figure 5) where
there should be some uptake of this available nitrogen is surprising. In fact, from March through May
we saw 100 microequivalents in soil solution. | think there is a temporal uncoupling of nitrate release
from the snowpack, probably due to the distillation effect, that concentrates the ions in the melt water,
It may be due to sublimation of the snow too, in that particular year. That is Jjust a teaser there and
maybe Watson and someone else will get involved to try to help us sort out what is going on.

My main thrust here today though is to talk about the results of the Nutrient Cycling Model
(NuCM) for the Barton Flats site for the last year and a half. I should give you a little background on
NuCM. It is a stand level nutrient cycling model that was developed during the Integrated Forest Study.

Rainfall pH in itself is an extremely poor indicator of any kind of effect because, for example, if nitrate
comes in, and if it is taken up by the vegetation, hydroxide is released, and you have a neutralization.
If ammonium ion comes in and is taken up you have acidification. If you have ammonium sulfate coming
in, it is the same thing as acid rain if the ammonium is taken up, releasing hydrogen ions, and the sulfate
goes through. It all depends on what happens in the system, and that is exactly what this mode] is
designed to analyze.

One of the things that you need to know about the mode! before I show results is how it treats
plant growth. It is not a plant growth model. You have to put in values that you expect for plant
growth. If the nutrient model begins to run out of available supplies of nutrients, it will first reduce the

concentration of nutrients in the tissue. Plants really do that before they Stop growing. After it has
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reached a limit of reducing nutrient concentration, then it will reduce growth. Normally, we have a
difference between projected and actual growth due to some nutrient limitation or other factor that
develops within the model. The model has been calibrated for several sites including the Duke Forest,
(an eastern hardwood forest in North Carolina), and the Great Smokey Mountains red fir sites. Now it
has been calibrated for Barton Flats and Little Valley in the southwest. The Great Smokeys are definitely
a nitrogen saturated site. Input is about 25-30 kilograms per hectare per year. The leaching rate is the
same, and the uptake rate is only around 9 kilograms per hectare. Coweeta is about half of that. Duke
is very poor in nitrogen. Little Valley Jeffrey pine is very poor in nitrogen. Sagehen is about twice its
value, and Barton Flats is an intermediate situation. The other big factor is the base saturation which is
the index of soil acidity. The Smoky soils are extremely acid, about as acid as they can get, and then
Coweeta is more basic and Barton Flats is mixed.

We calibrated for Barton Flats, and ran scenarios where the deposition of nitrogen changed from
less than 2 kilograms per hectare per year up to 95 (Fig. 2). If you multiply it out, the model actually
gives you kilomoles per hectare as an output, multiply that over the 40-year interval that we ran the
model, sum everything, and Figure 2 shows what happens. Notice that we have a rather low net
retention down here at only 2 kilograms per hectare per year. This might seem unusual and you might
think it is saturated, but it is really not because this is down to almost a baseline level of nitrate leaching
here, and the deposition has very little to do with it. As we go up, therefore, there is greater retention
until we get to 2 x N which is about 40 kilograms per hectare per year. Then we start dropping off and
nitrogen comes through the system.

The simulated biomass (Fig. 3) shows this growth at the 0.1 x N, which is the two kilograms,
and growth increases up to the factor 2. Between factor 2 and 5, there is no further change. The lines
overlap, and that is the fully realized growth potential. We did not run across any other nutrient
deficiency in these simulations except nitrogen. So the nitrogen deficiency in the system was satisfied
at a rather high level of deposition, something in the excess of 20 kilograms per hectare per year. What
are the side effects of that? Figure 4 is the nitrogen distribution in the year 40. There is very little on
the soil exchanger until you get to the very high level, and that is a typical forest situation. There was
also soil acidification at high N input. Mark mentioned that this occurred with high nitrogen inputs, and
when you get up to 95 kilograms per hectare per year in the model, you have slow acidification. This
is illustrated by exchangeable potassium. I suspect that if we run the model out another 40 years, it
would have simulated a potassium deficiency. At first, however, from 0.1to 0.5 x N, there is actually
a net increase in system potassium, yet the soil is slightly acidified due to uptake. It is these kinds of
interactions that can occur with increasing nitrogen, and they are not necessarily obvious unless you run

a model like this.
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Base saturation in the stmulation went down continuously through time with all scenarios (Fig.
10). There was no deficiency realized during these 40 year simulations. If we carried it out further,
maybe something else would have happened. I hasten to add that this is all a function of the weathering
rate and the primary minerals that we allow into the model. I could get rid of most of this change pretty
quickly by turning up the weathering rate. It is a user defined model. 1 insisted it be a user defined
model, because no one really ever knows what the values of some important variables are, and that is
one of the unknowns that you have deal with when you make simulations. In any event, Mark’s field
data are showing some PH decline indicating that base saturation is going down.

When I saw the mode] output, I initially did not beljeve the simulated peak levels of nitrate in
soil solution and especially at the high end levels (Fig. 11). We saw levels that were 7000 micromoles
per liter, and I thought that was just an error from the mode] and did not suppose it was really true.
However, after collecting the centrifuge data, and we saw 5000 micromoles per liter. So, maybe that
t0o has a little more validity than we first realized. Even with only 2 kilograms per hectare per year,
peak summertime nitrate is right up there like in the Great Smokey Mountains. This is of little

consequence, because it does not leach from the soil, and moisture levels are very low. It just sits there

hypotheses:
1. The reductions in nitrogen deposition would result in nitrogen deficiency.
2. Increased deposition would resut in so-called saturation and possible reduction in base cations.

That seems to be verified by the field data that were collected.

3. Summertime soil solutjon nitrate levels are very high due to Jow deposition, and this was also be
seen out in the field,

4. Reduced nitrogen deposition a would result in increased base cation leaching because of an anion
shift.

I want to end up with a couple of important points about models in general. What good are
models? (Fig. 14) There are some predicted models, like yield tables, that are very good empirical
models for what they are designed to do. Outside of their domain of reference, they are worthless, and
that is certainly true of this model as well as any other mode] out there. I found the article about models
by Orestes in Science to be extremely good (Fig. 14). It verifies my feeling on what we should be and

should not be doing with models. Making policy predictions with models is shaky, in my opinion,

then runs it for the next five years and asserts, "by God, it fits. It is wonderful that the model really
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works.” This is not truly a test of the model. I think that models like this are so complicated that the
best they can do is give you an idea of the collective implications of what you think you know.
Sometimes you find out that implication is very far off, and sometimes you find out that it is good, for
actually predicting what level of end-deposition in the forest will apply in the soil acidification. I will stop
here and see if there are any questions.

Q (AUDIENCE #1) Since we are coming to the section on forest effects, I would like to
propose a couple of statements, very general, and see how you people would modify this. First statement
1 think we all agree with is that pH and effects do not correlate in any really significant way.

Q (AUDIENCE #2) You mean pH in precipitation?

A (AUDIENCE #1) Yes.

Q (AUDIENCE #1) The second statement would be that maybe pH does not have effects,
but buffering capacity or total available hydrogen ion may. The third is that there is nothing in this that
suggests that you should do anything different from the control of nitrogen oxide emissions and keeping
ozone levels low. In other words, if somebody asked us if we should have a special acidity standard
would you say that there is evidence that we should?

A (DR. JOHNSON) I think acidity of incoming precipitation is really a rather minor
consideration. So I agree with that completely as far as the effects that I study are concerned, pH is
overemphasized. The one thing that it really does affect is the state of aluminum, and aluminum is
sometimes toxic in roots.

There is the so-called "active acidity”, which is pH, and that is a small pool. Then there is
"reserve acidity" exchanges with the buffer pool. You can change the soil solution and therefore change
the stream water pH drastically without changing the buffer capacity, and that is by simply adding mineral
acid to soil. In doing so, you must balance those anions like sulfate and chloride with something. In acid
soil, there is really only aluminum and hydrogen to speak of and, therefore, the concentrations of
alumninum and pH can go up and down drastically over a short time with no change in the soil. So I
would add that caveat to your first comment.

Q (AUDIENCE) The third question was, do you see anything in this that would suggest any
kind of acidity standard other than just control of nitrogen oxides and the ozone.

A (DR. JOHNSON) Not me, no.

BRENT TAKEMOTC, MODERATOR
Thanks to all the speakers on the forest session. 1 think that these two projects brought together

a lot of investigators with different backgrounds, and they were able to both collect field data and begin
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to study how models for either atmospheric deposition or effects on forest ecosystems should be

investigated. I think we have made a big step there in starting these studies.

We will proceed next with Nehzat Motallebi who will handle the atmospheric process.
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Figure 1

Simulated effects of N Deposition Rates
on Growth and Nutrient Cycling in a
Ponderosa Pine Forest
Dale Johnson
Desert Research In_stitute

and
University of Nevada, Reno NV

and

Mark Poth, Mark Fenn, Paul Miller,
and Andrzej Bytnerowicz
U.S. Forest Service Fire Lab
Riverside, CA
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Figure 2

Simulated net ecosystem nitrogen balance under varying N
deposition scenarios. (kmol ha-1 40 yrs-1)

Scenario 0.1 xN 9 XN 1 xN 2 X N S XN

Deposition 5.5 27.3 54.6 109.3 273.1
Leaching 2.0 3.5 5.7 49.1 203.4
Balance 3.5 23.8 48.9 59.2 69.7

% Retention  63% 87% 89% 55% 25%
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Figure 3
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Figure 4

Nitrogen Distribution in Year 40
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Figure 5§

Calcium Distribution in Year 40
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Figure 7
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Figure 8
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Figure 10

Simulated Percent Base Saturation
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Figure 11

Soil Solution Concentrations
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Figure 12

B Horizon Soil Solution Concentrations
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Figure 13

Summary and Conclusions
uCM simulations for Barton Fli uggest the

following hypotheses:

[ Reductions in N deposition would result in N deficiency

o Increases in N deposition will result in "N saturation” and
possible reduction in soil base cations (e.g., K)

o  Summertime soil solution NO3- concentrations are high
even with low N deposition

o Reduced N deposition would result in increased base
cation leaching because of anion shift
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Figure 14

What Good Are Models?
Management:

Predictive models (especially simple ones, like yield
tables) are used all the time to good effect when not
extrapolated beyond their appropriate range of
environmental conditions.

Scientific:

"Models are most useful when they are used to
challenge existing formulations, rather than to validate
or verify them. Any scientist who is asked to use a
model to verify or validate a predetermined result
should be suspicious" (Orestes et al 1994).
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Figure 15

Testing Models
(Oreskes, Naomi, Kristin Shrader-Frechette, and Kenneth Blitz. 1994.

Verification, validation, and confirmation of numerical models in the
earth sciences. Science 263: 641-646).

Verification: Implies "truth”, which is unattainable. All
must be known to achieve this. A typical false
"verification involves "calibrating” the model for one-
half of a data set, and running it for the second half.
But what happens if the environment changes (the
rules change)?

"The goal of scientific theories (and, therefore,
models) is not truth (because it is not attainable), but
empirical adequacy (van Frassen 1980). Empirical
adequacy may be judged by comparing model output
with actual data in a blind test. (This is very seldom
done, although often possible).

However, it will never be known with certainty whether

or not the model obtains the right result for the wrong
reasons (excessive "calibration").
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C. Session 2. Atmospheric Processes.

DR. NEHZAT MOTALLEBI: Moderator

Good afternoon. My name is Nehzat Motaliebi. [ am with the research division of the Air
Resources Board. Research on the atmospheric processes program is being conducted for three main
purposes: 1) to understand the chemicals and physical processes that transform precursor initiators of
acidic gases and aerosol particles in the atmosphere, 2) to estimate the fluxes of the wet and dry acidic
deposition, and 3) and to characterize and quantify source receptor relationships between initiation of
acidic pollutants and deposition of acidity.

We have six speakers for this section. These scientists have been principle investigators on
several research projects, and they are leaders in their fields. The speakers have been asked to limit their
presentation to 25 minutes, so that there will be five minutes available for brief questions at the end of
the presentation. We will have an open discussion at the end of the sixth session, so I would appreciate
it if you would held your long comments and questions for this open discussion.

The topic of our first presentation is "A Summary and Evaluation of California Active Deposition
Monitoring Program (CADMP) Data". This will presented by Dr. Charles Blanchard of Envair.
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1. A Summary and Evaluation of CADMP Data. Dr. Charles Blanchard, Envair.

DR. CHARLES BLANCHARD: Envair

I would like to thank my colleague Harvey Michael, who has carried out most of the dry
deposition calculations. The purpose of this presentation is not to discuss atmospheric processes, but
rather the purpose is to present the data that have been gathered from the California Acid Deposition
Monitoring Program, wet and dry deposition networks (Fig. 1).

The networks have produced several years of data, and it seems important to ask ourselves what
we have learned from these data, to ask ourselves how well the networks have met their objectives, and
simply just to make some of the numbers available. Nehzat mentioned the objectives of the monitoring
networks. Let me just briefly run through them again (Fig. 2). The first is to quantify the range of
concentrations and deposition occurring, both wet and dry, throughout the state of California, not just
where we have our monitors. The second is to provide data that can be used by people who are studying
acidic deposition; third, to provide data that could be useful for identifying emission source regions which
are contributing to deposition in receptor areas, and fourth to identify possible trends over time. I would
like to point out that the CADMP networks are not specifically oriented for carrying out research on
atmospheric processes, nor are they compliance monitoring networks since there is no current acidity
standard.

My strategy in this talk is largely going to be to tell you the results and omit details of how we
got to them. Very briefly, I want to mention that the CADMP Wet Deposition Network uses the
Aerochem Metric automated wet deposition sampler, which is no doubt familiar to many people here
(Fig. 3). It is operated on a weekly basis. The samples are collected on the same schedule that the
National Atmospheric Deposition Program uses, Tuesday to Tuesday. The period of records for which
we currently have validated data runs from June of 1984 to July of 1990. There are more recent data;
they are undergoing validation. There are a number of QA and QC protocols that are followed in
collecting the samples and in analyzing the data. Just to mention a few: charge balance is checked, the
specific conductance measured on the samples compared to conductance predicted from the chemical
concentrations, ratios of different ions are checked, for example, the ratio of sodium to chloride, and
suspect samples are reanalyzed. A certain percentage of the samples are also re-analyzed routinely. In
terms of the statistical summaries that [ will present in a few moments, I wanted to mention briefly that
it is important to keep track of the completeness of sampling. We are after valid representations of
annual averages or seasonal averages, both for concentration and for deposition amounts. Therefore, it
was important to keep track of what fraction of the time the precipitation monitor was actually operational

and what fraction of precipitation was actually collected and chemically analyzed (Fig. 4). We computed
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annual and seasonal averages. Concentrations are weighted by precipitation depth, and mass deposition
was also calculated. In addition to computing the averages at sites, we carried out spatial interpolations
of the data using a statistical method known has kriging. The purpose of this spatial interpolation was
to generalize our data from the specific monitoring locations to larger geographical areas. The way that
was done was to use the concentrations from both CADMP sites and the National Atmospheric Deposition
Program sites. We combined those with information on precipitation from approximately 500 national
weather service monitoring sites in or near California, and we carried out two different methods for
investigating the uncertainties and the interpolation. The first was through the procedure itself. One of
the attractive features of this method is that it generates estimates of your interpolation uncertainties, so
you are not just presenting a bunch of numbers; Yyou are presenting some uncertainty associated with that.
In addition, we used a second procedure known as cross validation for generating some estimates of
uncertainty. Figure 5 illustrates how the network looks. At its peak, CADMP had 35 sites in California.
There are 2 number of sites that are inactive, and I believe the network is down to 25 sites now. There
were also eight NADP sites located in California; four of the CADMP sites have been co-located with
NADP sites for cross comparison. The CADMP data compared very well with the NADP data. When
we carried out the interpolations, we made use of all monitors in California as well as some which were
located just outside California. What you obtain when you start doing that is a series of maps such as
Figure 6. We plotted nitrate deposition, that is wet nitrate deposition, from July 1988 through June 1989.
This is for a one year period, and these have been interpolated to a grid which is 40 kilometers by 40
kilometers for each grid cell. Typically we did not see a lot of spatial variation in the precipitation
chemistry, and in a large part of the state there was less than 2 kilograms per hectare per year of nitrate
deposition. We also wanted to look at what our estimate of the uncertainties associated with those
numbers were. The uncertainties for most of the deposition were less than 20%. Where we are trying
to interpolate between sites, we look at larger uncertainties in the 20-40% range. As we get out to areas
that have very little in the way of monitoring information, we are looking at uncertainties that are more
on the order of 50%. The cross validation analyses that we carried out suggested that these uncertainties
were probably too low in some areas, particularly areas such as along the coast or in areas where there
are particularly steep gradients. Overall, we are typically looking at uncertainties that range between
maybe 20% and perhaps up to a factor of 2 as we try to interpolate these results from the monitoring sites
to the state as a whole.

If we turn back to the actual sites themselves, I would like discuss what we have seen in the six
years of data. The maximum sulfate deposition during any of the six years at any of the sites has been
less than 7 kilograms per hectare per year of some which can be attributed to sea salt (Fig. 7). If you

make the calculation to correct for sea salt, the excess sulfate is less than 3 kilograms per hectare per year
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everywhere. Nitrate deposition was less than 8 kilograms per hectare per year. Ammonium was less
than 3. To get some feeling for what this means, perhaps it is useful to compare these numbers to those
from the eastern United States. In the area of highest deposition in the eastern United States, sulfate
deposition exceeded 25 kilograms per hectare per year. Nitrate exceeded 15 kilograms per hectare per
year, while ammonium is less than 4 kilograms per hectare per year. I have no expertise on effects;
however, from what I have gleaned from the literature various target levels have been proposed for wet
sulfate deposition. Typically, the numbers that I have seen have been in the range of 10-20 kilograms
per hectare per year. Some investigators mean excess sulfate by those numbers, and sometimes they
mean something different, perhaps even wet plus dry. The Canadian government, for example, is
currently using a 20 kilograms per hectare per year target level for excess sulfate. As I mentioned
earlier, in terms of interpolating the data from our limited number of monitoring sites to the state of the
whole, we are typically looking at uncertainties in the range of 20% to a factor of 2. To clarify that, if
one were to look at replicability at individual monitors, your uncertainty in terms of the precision of the
monitoring at a particular monitor is probably on the order of 5-8%.

Figure 8 is my own personal evaluation of the capabilities of a CADMP wet deposition network
in relation to the objectives that were stated for the network itself. First, it has successfully quantified
the rates of wet deposition to within a factor of plus or minus 20% up to a factor of 2. In terms of
providing data that may be useful for studies on effects, while I have no expertise in this, I presume that
one would prefer data that had a factor of 20% uncertainty to data that had a factor of 2X uncertainty.
Therefore, this suggests to me that data which are used in effect studies must be site specific data. We
have not seen the data used extensively to evaluate linkages between source regions and recepter regions.
That is not to say they cannot be so used; it just has not been extensively explored. Finally, there is a
six year record of data available, and another four years are coming relatively soon. There is some utility
in these data for identifying trends. My assessment of the six year record to date is that there is very
little evidence of any trends.

Finally, I just put this last bullet up here, "Future Objectives” with a question mark to remind
ourselves that we may now have objectives which differ from those that were originally stated, and there
may be a need to think about the capabilities of this network in terms of potential future objectives.

I would like to turn to the dry deposition network (Fig. 9). I am going to try to largely gloss
over methods and get to some numbers. Dry deposition sampling is carried out using a sampler designed
by the Desert Research Institute. The sampler collects two, 12 hour samples. There are two size cuts:
a 10 micron and a 2% micron. The sampler also measures several gas phase species. There is a lot of
redundancy in the sampler in the sense that you get both the PM 2.5 and the PM 10 measurement. There

are some other redundancies as well. These are all very useful checks on the data themselves. A key
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species measured is nitric acid. There are two ways in which that measurement is done. One is by
collection on a nylon filter, known as filter-pack nitrate. This particular measurement is subject to a bias
from the disassociation of ammonium nitrate which can cause those numbers to be biased high. As John
indicated earlier from some of his data, the amount of particulate nitrate which can volatilize can be quite
high, and you will then see that appearing as an estimated nitric acid concentration. The second
measurement is the so-called denuder difference measurement. This is actually a linear combination of
three separate measurements. There is particulate nitrate as collected on a Teflon filter which is added
to the filter pack nitrate to give total nitrate. From that total nitrate the concentration of nitrate on a
nylon filter which is downstream of the denuder is subtracted. The purpose of the denuder is to remove
nitric acid. When you remove nitric acid, what is left is particulate nitrate. Thus, true particulate nitrate
is obtained from the filter downstream of the denuder. When you subtract that number from the total
nitrate, the difference is the nitric acid concentration. I will come back to those measurements in just 2
couple of minutes.

I want to mention that these samplers do not run everyday. Samples are collected once every six
days. We are trying to make some inferences of our annual deposition rates from once per six day
sampling. A large number of QA QC protocols were followed both in the sampling and the handling of
the data. Just to mention a few, there is a very useful capability of comparing the PM2.5 to PM10
concentrations to check for consistency. You can also compare mass to the sum of species
concentrations. A charge balance provides another check. Finally, there is the ability to compare the
data from the CADMP network to some other measurements. In particular, six of the CADMP samplers
are co-located with ARB routine PM10 monitors.

What can we say about the quality of the data (Fig. 10)? First of all, the period of record was
February 1988 through September of 1991 (the viewgraph should say 1991, not 1990). There were a
number of systematic errors identified in the data base and corrected. Following those kind of
corrections, the comparisons of mass as well as sulfate, nitrate, and ammonium concentration in the PM
10 side of the CADMP samplers to the data collected from the collocated routine PM10 monitors were
very favorable.

The bad news is that the one species that we really care a lot about, nitric acid, appears to have
substantial measurement problems associated with it. This was perhaps first evident when, in examining
these data, we observed a decrease in the concentrations of nitric acid when calculated according to the
denuder difference method over this 31 year period at two of the sites, Los Angeles and Azusa. These
happened to be the two sites where the highest nitric acid concentrations occurred. What was found in
the data record was that the decrease was associated with a concomitant increase in the denuded

particulate nitrate concentrations. That is, the particulate nitrate downstream of the denuders exhibited

211



increases over time, and the seasonality that was apparent in the PM10 and the PM2.5 particulate nitrate
concentrations disappeared for the denuded particulate nitrate. The PM10 and PM2.5 particulate nitrate
were exhibiting winter maxima during the first year and at ali other sites all year. However, the denuded
particulate nitrate at those two sites started to show summer maxima. The suspicion was that the
denuders performed well for perhaps a year and then began to allow nitric acid to pass. The effect of
allowing the nitric acid to pass the denuders would be to cause the apparent particulate nitrate
concentrations to increase, which would cause the nitric acid concentration to appear to decrease over
time. That suspicion was particularly reinforced by the fact that there is no trend in the filter pack nitrate
over that time, nor was there any trend in the ozone concentration over that time. So in the summer of
1993, a special inter-comparison study was established at Azusa, and a relatively new sampler was put
in place next to the original sampler.

The denuded particulate nitrate was about 18 micrograms per cubic meter in the primary versus
11 in the co-located sample. That difference was enough to cause the apparent nitric acid concentration
to drop close to 0 in the older data. Following those results, there was some cleaning and refurbishing
of the original sampler, and during October the primary co-located samplers were run together. There
was an additional check with a third channel on one of the samplers as well. Generally, good replication
occurred in the samplers. However, when those data were compared to a co-located set of measurements
obtained by the Tunable Diode Laser Absorption Spectroscopy (TDLAS) method, they were about 40%
lower than the TDLAS measurements. At the same time, there was another sampler which is similar in
some respects to the CADMP sampler. It was used in the SCAQS study. There are some key
differences in terms of the flow rates. Its ratio compared with the TDLAS was about 0.7. We have got
three different sets of measurements here. CADMP is about 40% lower than the TDLAS. The SCAQS
is about 30% lower than the TDLAS. Finally, there is a fourth sampler, a two week sampler, the one
that was used in the epidemiological study. It was run for two weeks and compared to the two weeks
of data from the other samplers, and as I recall, it was about, 25-30% higher than TDLAS measurements.
The bottom line on all of this is that there is a lot of uncertainty with these measurements. We could be
off by 35%, and more effort is needed to try to untangle some of that. Let us try to keep some of those
measurements in perspective; there are significant measurement uncertainties.

Everything that George Taylor said earlier is applicable to how we carried out the calculations
of deposition. The CADMP network provided us with measurements of ambient concentration as well
as certain meteorological measurements. In order to estimate deposition, the inferential method was
applied and fluxes were inferred from the product of concentration and deposition velocity (Fig. 11). The
deposition velocity was calculated on an hourly basis using the meteorological measurements as well as

characteristics of the surface at the sites. In essence, we used the same model described earlier, the big
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leaf model. However, we also made some modifications to it to account for its use in a western setting.

Remembering now what we have in the way of fluxes, they are not measurements but, rather,
the product of a model. This model is thought to produce uncertainties along the order of 30-50% in the
best of circumstances, that is, in homogeneous uncomplicated terrain. As we all know, the terrain here
in California is not very homogeneous and uncomplicated; therefore, we need to remember that for any
numbers that are generated here, the uncertainties of the model itself are compounded by our application
to a California setting where we have incomplete input data, and they are complicated by questions of
the accuracy of the measurements. I am going to suggest that we are probably looking at uncertainties
that are more like a factor of 2 when we look at these numbers.

There are 10 sites in the dry deposition network (Fig. 12). Three of the sites are rural, Gasquet,
Yosemite, and Sequoia. The other seven are urban sites, Sacramento, Fremont, Santa Barbara, Long
Beach, downtown Los Angeles, and Azusa. The coverage of the state is very limited. There are three
sites in the South Coast Air Basin; otherwise, the sites are rather scattered. So putting all that together,
here at last are some numbers (Fig. 13). This is an estimate of the mean annua! dry deposition of
particulate nitrate, NO,, and nitric acid at each of the 10 sites. This is for the period of 1988 through
1991, expressed in terms of kilograms of nitrogen per hectare per year. If we just step back, look at the
data and ask ourselves "Now what does this tell you?", we will probably see a couple of things. If we
just look at the difference among the sites and contrast them to the wet deposition data where there is a
fairly uniform pattern across the state, what you have here is a tremendous range geographically in the
levels that you see, two orders of magnitude. In terms of these particular species, particulate nitrate in
all cases is a relatively small component. NO, and nitric acid are the larger components at all the sites.
Which dominates depends on the site; 1 think it is important to remember that these are urban sites, these
are in-source regions. NO, concentrations are certainly higher than would be indicated at someplace like
Barton Flats. At several of the sites, nitric acid is clearly the dominant contributor, even keeping in mind
our factor of 2 errors or uncertainty. This highlights the importance of accurate nitric acid
measurements. Figure 14 is a closer look at the three rural sites, Gasquet, Sequoia, and Yosemite. I
tried here to provide a comparison of the wet to the dry deposition fluxes for sulfur and nitrogen. What
I referred to as oxidized sulfur species in the wet deposition is of course sulfate; in the dry, it is the sum
of deposition due to SO, and particulate sulfate. In the case of wet, oxidized nitrogen is nitrate; dry is
the sum of the three species you saw in the preceding graph, namely particulate nitrate, NO,, and nitric
acid.

The lesson that I want to draw here is that it is not true that dry deposition exceeds wet deposition
throughout California at these rural sites. While Gasquet looks like it is higher than the other two, about

half of the sulfur in wet deposition is contributed by sea salt. Even with factor of 2 errors on these dry
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estimates, we still see that they are probably about the same magnitude as the wet.

Now the picture changes when we look at the urban sites (Fig. 15). Here we have six sites, and
I am trying to not only provide a comparison of the wet and the dry, but also of these numbers in relation
to emission densities in the air basin where the sites are located. First consider the emission numbers.
Fremont is in the Bay area, and this is the emission density for NOx in the San Francisco Bay area.
Long Beach, Los Angeles, and Azusa are all in the South Coast Air Basin, so that represents the emission
density for NOx in the South Coast Air Basin, followed by the emission density for NOx for the San
Joaquin Valley and for the Sacramento Valley. In contrast to our rural sites, the wet deposition numbers
are much smaller than the dry deposition numbers, certainly much smaller than the emission density.
Dry deposition numbers in relation to the emission densities, are probably sensible numbers even though
I am calling them factor of 2 uncertain. If we look at the sites in the south coast air basin, Azusa’s dry
deposition rate for oxidized nitrogen species is roughly 60% of the emission rate, which is pretty
consistent with the notion that we could be exporting a certain amount of NOx reaction products out of
and beyond Azusa. Bakersfield and Sacramento are interesting because the calculated dry deposition
numbers exceed the emission densities. It is probably not true that these are the emission densities for
the whole San Joaquin Valley and the whole Sacramento Valley, since these sites are in the urban areas.
Perhaps it would be instructive to compare these deposition rates to the emission densities of the counties
in which those sites were located.

My personal evaluation of the dry deposition network is shown in Figure 16. First, it has
provided so far numbers which are indicative of the magnitude of wet deposition. These are subject to
the idea that we probably have a factor of 2 uncertainty. The data base itself certainly has some potential
utilities for identifying trends if the focus is on the ambient concentrations. One would not want to
confuse the trend analyses with the modeling in the dry deposition by looking at trends in the dry
deposition rate. We would want to look at the ambient concentration itself; there are 3'% years of data
validated and another 3 years or so available soon. There is a real need to resolve nitric acid measuring
difficulties because it is such a large component of the nitrogen deposition. It is important to have those
measurements more carefully characterized in terms of inaccuracies. Why is more not said about this?
My opinion is that there is a need to evaluate the accuracy of the inferential method. It has been
evaluated by comparison to micrometeorological measurements, by means of which fluxes are computed
at various locations, almost all of which are in the eastern United States. It is that particular set of
comparisons that has led to the general assessment that the inferential method is accurate to about 30-
50%. However, we have not seen any of those of comparisons. It was particularly interesting this
moming to see the consistency in the comparison between Andrzej’s experiments and the product of this

particular model. However, in my opinion, there is still a need to really evaluate the accuracy of the
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method.

Finally, my last point is that one needs to consider the network in relation to the future objectives
for the network. There are only 10 sites there, covering an enormous geographical range. How is one
to try to extrapolate from those sites to the state as a whole? It is a particularly difficult problem.

Q (DR. PITTS) I have one question or just a statement. Is there any place in the literature
that this information will be applied to existing CADMP data that people are using? Will people have
access to the information that you generate here?

A (DR. BLANCHARD) It is a great idea.

Q (DR. PITTS) I think that it is an idea whose time has come, because I am kind of tired
of people using data from the data set of those end models and coming out with something before this
thing fits. It seems to me that we should consider several things that we used to apply years ago . There
is an uncertainty in the model, and then there are these data. How is the information coming out of that

medel? Maybe that is something to consider in the future efforts.
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Figure 3
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Figure 4
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Figure 5

v WN smoe) edid uebio

N\
<

. op|puoas3 g
ujejunop JBwojed v

1213 Héque

SIMOPIAO | UOSIM

glleqes) e)ye L

S8)iS NAN/dAVN Y

(aapoeuy) seys duavd ©
(8Anoe) salis dNQVD @

O PpuB|s| SE|OJJN UBS

\ wjeyeuyY  noomus
Sjuon 13 \_ kuepesed

I o
o:_EuEu_m ueg v q epesoy

GW® ©edrea sues

ednyony)y

owodiN

v_o_.—m..o._sm ®

uocAue) %00y peYy v \

-

e)e-] pjedewsy

uBNoOKW Yrowwe

/ ™ puejs| jeyjeg
Aejlep wis y

\«..x ko) N
BJjWBB0A 1

enoopull, u \Jf </

uggjuno ys
189104 JuEjn

eSO[ ues.

ANl

ojuBeWIBIIBS u__ﬂ s|aeq
\Y}

eoyey oxs..%kf/\mitoauxﬂ ¥ puejdoH

sbupdg eposg

SOHHOMLIN
NOLLISOd3Ad 13Mm
NLN/dQVN ANV dINAaVYD

Aouinb @

exeIn3

|/
_

enbigjuoy ve
[]

¢ Jenbsey

8)u JBA|IS v

\

N

220



Figure 6

July 1988 - June 1989
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Figure 8
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Figure 9
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Figure 12
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Figure 13
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Figure 14
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Figure 15
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Figure 16
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DR. NEHZAT MOTALLEBI: Moderator
The topic of our next presentation is "Evaluation of Sampling Methodology for Acidic Species”
presented by Mr. Dennis Fitz of CE-CERT, UC Riverside.

2. Evaluation of Sampling Methodology for Acidic Species. Dr. Dennis Fitz, CE-CERT, UC Riverside,
MR. DENNIS FITZ: CE-CERT, UC Riverside

We are trying to develop a new generation of samplers for acidic species, one that will give us
more accurate results and hopefully one that will be easy to use out in the field, and may be even cheaper
to operate (Fig. 1). The basic outline of my presentation is shown in Figure 2. Iam going to define the
species that we are interested in measuring and summarize some of the methods that are currently used.
I am going to review some of the new filter artifact data that we collected in Riverside last October which
is going to help us design the new type of sampler. Iam going to present the new measurement approach
and some of the work that we have been doing to evaluate it. We have a new type of denuder near
completion, and I am going to show you some of the results that we are getting from that. Then since
this is a mid-term report, I am going to conclude with mention some of the remaining work that we need
to do.

The basic species of interest are shown in Figure 3. We are talking about acidic species here,
but we have to include ammonia because it is going to affect what happens with all these acids.
Basically, we are looking at particulate nitrate, its gas phase analog, nitric acid, nitrite (which we find
is fairly important), its analog nitrous acid, ammonjum, ammonia, acetate, and formate, with the
associated acetic acid and formic acid which are in very high concentrations too. Sulfate does not really
have a gaseous analog because the sulfuric acid would be a particulate.

Figure 4 outlines the current routine sampling technologies. Now there are some very specialized
methods. If you go out in the field with a tunable diode laser, and if you have enough money, you can
get data on some gas species for one site for maybe a few months. We want to look at the routine
technologies. We really do need to collect a lot of data. With nitrate, the basic method is to remove the
nitric acid vapor first because of the equilibrium of ammonium nitrate between nitric acid and ammonia.
You have to remove the nitric acid first, then you use a specialized filter to sample the particulate nitrate.
With ammonium, usually just the filter is used; this is done because there is typically a lot more non-
volatile ammonium sulfate around. However, in a place like the Los Angeles area, we are finding that
there is not that much sulfate, so we really do need to use the denuder approach for ammonium just as
we do for nitrate. Acetate and formate, if there is any, is usually picked up on a filter. Nitrite is really
tough to measure because it is usually oxidized to nitrate before we get it to the laboratory. We do not

see a lot of this being reported, and many do not even analyze for nitrite. They just do a typical nitrate
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analysis. They are probably using a wet chemical method and do not even see the nitrite and sulfate.

The denuder is usually used to measure nitric acid. We have heard about the filter pack which
I'do not even really consider. I do not think that it is a good measuring method at all, especially in this
area. The denuder method can be used in a direct mode where you actually extract the denuder coating
material and analyze it for nitrate, or you can use the denuder difference method, and that is used on the
CADMP sampler. By taking difference of two measurements, you can calculate the nitric acid. The data
are subject to much more error because there are two measurements and a subtraction of large numbers.
If you are getting a small difference, you can very easily have a 50% error.

Ammonia analysis usually requires a specialized back filter which quantitatively adsorbs the
ammonia. Some people use the denuder, but typically that is not done. It was done during SCAQS, and
it was found to be necessary.

Acetic acid and formic acid are usually at the back filter. It is coated with potassium carbonate
or potassium hydroxide, a strong base to adsorb the acids. Nitrous acid is generally measured using a
direct denuder method. Figure 5 shows that basic sampler types that we use now, and some of their
attributes. The direct denuder has good specificity and sensitivity. The maintenance is complicated, and
it is fairly costly. It is very difficult to maintain a system out in the field because of the cost of the
equipment. ‘

The denuder difference method has pretty good specificity but so-so sensitivity, because you are
taking a difference. The cost of maintaining it and building it is moderate. The filter pack of course has
poor specificity but good sensitivity, and it is cheap, but I do not even want to use that one at all.

This is the basic CADMP sampler (Fig. 6). As you can see it is fairly complicated. Do not look
at all of the little pieces of it, what is important here is that it is a complicated sampler. It has a lot of
sample lines, a lot of filter packs, and a lot of things that can go wrong. The lines have to be maintained
so that it will pass nitric acid. Usually these are washed with dilute nitric acid, so you can get a good
efficiency of nitric acid going through the sampler. This does not even sample ammonia by a denuder
method or any other method,

When I first started working with the Air Resources Board in devising a new sampler, I proposed
what is shown in Figure 7 and it would do just about everything. However, this design is going to be
another complicated sampler with many filter packs and inlet systems. We really did not want to do that.
We had a better idea. Our goal was to design and evaluate an inexpensive and easily serviced direct
denuder type sampler for these acidic species (Fig. 8). This is what we really need to do, and in this way
we can get rid of the complicated design.

Before I get into that, I want to show some of the results that we got from sampling in October

in Riverside (Fig. 9). Some of it is a little bit surprising. We know that carbonate filters have an
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artifact. They collect nitrous acid and it probably oxidizes, so you get a lot of nitrate. These are just
open faced filters, with Teflon front filters, so you are just sampling gases. When we put three of these
carbonate impregnated quartz filters in a row, we got quite a bit of nitrate on the top one, we got a lot
on the second, and we got a lot on the third. This is because nitrous acid is not quantitatively picked up
by the filter. It is ending up on the second, fourth, and successive filters. Then we used sodium chloride
which is really the most accepted way to do it. We got a huge difference. Remember this is in
Riverside. We probably have fairly high concentrations of nitrous acid. This was October so this is
probably a little bit out of the ordinary, but it serves to show what kind of artifacts you might be
observing when you choose the wrong coating material. There was still a little bit on the second and
third (NaCl coated and nylon) ones, and we are not really sure to what that is due. We can show in the
laboratory that these quantitatively remove all the nitric acid. With nitric acid removed, something else
was still picked up, and that is one the things that we are going to look into.

Now here is a real surprise (Fig. 10). As the control, we just used nylon filters. Nylon filters
are supposed to be very specific and quantitative for nitric acid. We got a lot on the back filter. We
think that during these 24-hour collections, nitrous acid was picked up. Nylon has some affinity for
collecting nitrous acid. Its variable and depends on temperature, humidity, and a lot of other factors.
But these results were really a surprise, nylon filters are not necessarily that specific for nitric acid. We
were sampling particle-free air, so we were just looking at nitric acid and other vaporous nitrogen
containing species. It appears to be a shot gun pattern. There does not seem to be any relationship, and
if we collected more data, we would probably find out it was just a pure shotgun pattern. There is really
no relationship.

We also looked into collecting formic acid and acetic acid, again using a Teflon front filter to
remove particles (Fig. 11). We had a pair of hydroxide impregnated filters, and with formate, we had
absolutely nothing on the back filter. We had 13 collections there and not one of them was above the
detection limit for this study. We always found a fair amount of acetate on the second filter. Something
is getting through even though it is not acetic acid, which is quantitatively removed by that filter. It
could be the decomposition of PAN. If we plot the acetate in a little more detail (Fig. 12), there
definitely is a relationship here. The bottom one is a lot lower of course, but there is definitely a
relationship. It seems like there is an intercept, so the two are probably related somehow.

Now, I would like to get into what the new sampler is going to look like (Fig. 13). The top part
of the figure is just the plumbing. Let us get into the sampler is itself. This is basically a 47 millimeter
open face filter holder with the inlet at the bottom of the figure. The air comes in, and across the
denuders. These are very small denuders. This is a new type of denuder that we are developing. It is

essentially like a filter. You can put it right in a filter pack, and you can stack a number of them
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together. The first one is a sodium chloride coated denuder. That will remove the nitric acid. The next,
which are actually two, are sodium carbonate coated denuders. These remove nitrous acid and organic
acids, but remember those are not removed quantitatively. We need a backup filter to measure how much
of this is really due to some of these other artifacts. The next denuder is the ammonia denuder, which
is coated with a citric acid. Now the third one is one that you do not see very often. We are trying to
see if we can actually capture the particle nitrite as nitrite. This is a denuder that will remove the ozone.
A potassium coated denuder, which is what we are going to try first, should work. That means if you
have nitrite that makes it through, it is going to stay as nitrite since it will not tend to be oxidized by the
ozone. This is something new and we do not know if it is going to work, but we are giving it atry. On
the Teflon filter, you collect all your usual particulate suifate, nitrate, ammonium, and measure mass.
The back filters are pretty standard among denuders. You have a sodium chloride coated filter which
will trap any nitric acid which is vaporized off of this filter. A citric acid coated filter will trap any
ammonia which is vaporized from the Teflon filter. Whether we can put all of these in one filter holder
Or not, we are not sure, but at least it is a start. We may need two filter holders like this, but the key
is, instead of having a complicated big system, we have contained in one filter holder everything we need
to do the complete analysis. It is a direct denuder approach. You do not have the take the difference
of anything.

The first question is, will this work? I am calling this the CE-CERT denuder for lack of a better
word for right now (Fig. 14). It is very compact, and you can treat it like a filter. You do not need a
special housing. You do not need to laminarize the flow. It is very simple so you do not have to have
a big inlet system in the front. It has good theoretical particle penetration. We are testing penetration
right now, and we do not yet know what the answer is. It is very inexpensive; they are throw away.
They will cost you a dollar or so. You can coat it with any kind of material you want, and it holds a fair
amount of coating so you should not be limited by the amounts that you sample. You should be able to
sample for more than 2-3 days if you want it to.

We had to test this denuder, and we used a standard type of system. We tried nitric acid first,
and we actually tried it under the worst conditions possible (Fig. 15). We were using about 35 ppb nitric
acid under fairly dry conditions of 10-15% relative humidity. This is a basic test set up. We had zero
air coming through, and a bubbler to humidify it. We sent some zero air through a permeation tube that
had nitric acid in it, and then we had the major flow which was just the dry air. Everything then mixed,
and we took off the excess. We put the test denuder in and we had a pump to control the flow. This
can control anywhere from a % liter a minute to 20 liters a minute. Then, we sampled with a NOx
analyzer. We put the converter right up front; it is actually outside of the instrument, so we could avoid

any losses in the line and through the instrument. Once it goes through that, it is just NO, and easy to
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deal with. This was actually the first time we tried a sodium carbonate coated denuder. Figure 16 shows
the removal efficiency, and at 600 ml a minute, it is virtually 100%. Now it is real hard to tell if it is
exactly 100%, because you are looking at a very small amount going into the NO, analyzer. You are
right around the detection limit and it might be about 0.5 ppb going into the NOx analyzer for detection.
However, it is essentially 100%. It does drop down with increasing flow rate. This is not what I
predicted. At 10 liters a minute, we are still at 92%. Now if you take two of these filters, and put them
together, you get the expected result. We put two in series, and it is 100% right across the board, up
to 19 liters a minute where it dropped down to about 98%. So, two of these denuders take out nitric
acid.

The results from the sodium chloride coated denuder are shown in Figure 17. We really want
to use the sodium chioride denuder, but we had problems with it and we are still trying to resolve them.
1 am calling this the Type I denuder. We have several different types of substrates. With 9% coating,
I tried to maximize the amount of sodium chloride on it. When we put this in dry nitric acid at low flow
rates, it worked well. We got 90% efficiency. It took awhile to stabilize, and we still have not figured
out why. We raised the flow rate, and the efficiency was only about 70-80%. It stayed there for awhile
and then started to drop, which is a problem. Then we tried putting two in a row, figuring, we should
get some better results with that, and it did help. It brought up the efficiency to 97% right away, but at
19 liters a minute, it went up to 86% and then dropped off. We tried to use other substrate types, and
we got good efficiency at first, but these substrates, while they had a better physical design, did not
adsorb as much of the coating solution, so it would drop off in a few minutes. Clearly, we are close on
sodium chloride. We may actually be able to use sodium chioride under normal ambient conditions,
because we are really hitting it with about the highest nitric acid you will see under the driest conditions,
which is really the worst case.

Right now, we are doing some testing to see what we do next (Fig. 18). This is to test the
particle penetration. We are doing this in ambient conditions using standard 47 millimeter filter holders.
We are going to look at the sulfate on each one of the Teflon filters, and this will give us a2 measure of
particle penetration under actual ambient conditions. Part of the problem is that we tried to sample
during the last month, and we have had nothing but rain for the last three or four weeks. As soon as the
weather clears up, maybe we can actually run a few samples. We have run three of these so far, but we
really do need to see what the particle penetration is. We also want to see how well this denuder works
under actual ambient conditions. Wintertime is not the best time to be doing it, but it is all we have.
We will get a measure of how well the denuder works by 1sing a reference. It is a Teflon filter followed
by two nylon filters. I want to collect more data to see if what we call the nitrous acid problem is

showing up on the second nylon filter.
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Figure 19 shows the conclusions. We passed the first big hurdle. The basic denuder concept
really works. We know that sodium chloride is the choice for doing nitric acid. It seems to work the
best, but we do have some collection difficulties with it right now.

But what are we going to be doing with it in the future (Fig. 20)? We are going to test particle
penetration and then figure out how to solve the sodium chloride collection problem. We might be able
to throw in a few more denuders if particle penetration is not a problem. We can test some more denuder
substrates, and we can look at other coatings. There are some other chlorides, for example, that have
been used. Maybe it will work in ambient ajr because the concentration typically would not be as high,
and you have more humidity, especially in the Los Angeles area. Once we pass this hurdle, we have to
look at the penetration of all the other species through the filter denuder set-up that I showed you at first.
We are going to look at HON O, PAN, acetic and formic acids, ammonia, and ozone penetration through
the sampler. Finally, we will hopefully get all of the remaining problems solved in the next six or seven
months. We want to do a field test that has actual spectroscopic methods of determining nitric acid,
formic acid, and ammonia. We will use an FTIR and tunable diode laser. That is where we are right
now,

Q (AUDIENCE) Dennis, I know you are also evaluating the CADMP sampler. [ think it
would interesting if you describe some of the results you found from that.

A (MR. FITZ) That was actually done, but when we went over the subject of the
penetration, it kind of fell by the way side. I have done some of the work. We fabricated a Teflon
plenum to put around the inlet of the CADMP in the field, and then attached Teflon filters to this plenum
so we could use the CADMP sampler to pull ambient air and remove the particles. We were looking for
nitric acid or any other vaporous acid. This was done with the co-located sampler that was used in Azusa
for about a year without being cleaned during that period. We found small losses of nitric acid of about
15% through the inlet assembly. We also found that the denuders seemed to work well, with over 90%
efficiency. When we ran it in the day, we got those results. When we ran it at night, we got some very
strange results, and again I think it was nitrous acid. We did not get the 90% efficiency in the denuder.
It was variable. It was anywhere from 20% to maybe 70% or 80%. We are not looking at collecting
more nighttime data right now. Basically, for collecting nitric acid in the daytime, it is still working after
a year and still looking fine.

Q (DR. PHALEN) On the part of the penetration data, I would expect that would be very
strongly particle size dependent, so how will you search the limits of upper and lower bounds of particles
size for penetration?

A (MR. FITZ) Well you could do it in the laboratory and go through all kinds of particle

sizes, or you can do what we are going to do, ambient air containing something like sulfate is going to
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have particles in the 0.4 to down to maybe 0.2 or smaller in that normal ambient size range. That is
where the nitrate particles are going to be too. We are going to do a comparison on the real world
rather than go to the laboratory where it would probably take us a couple of months to generate all the
particle sizes, and analyze various filters.

Q (AUDIENCE) Is there hydrochloric acid, coming off the sodium chloride in the denuder?

A (MR. FITZ) There should not be.

Q (AUDIENCE) Why not?

A (MR. FITZ) What you are going to get is sodium nitrate. Oh, I guess there would be.
It was the nitrate that is not coming off. That is why you cannot use this to measure chloride with and
that is one of the reasons that in some samplers in which you do try to measure chloride, you cannot use
sodium chloride. It is bad enough having the chloride there, but it is going to come off as HCL.

Q (DR. KLEINMAN) I have got two questions. One, is there another way you can stop
the acidity? Do you have spacers between these filters?

A (MR. FITZ) We will find out if it is necessary. Now basically we are using established
filter holder with the standard Teflon spacers, but we are stacking them up in a bigger Teflon nut.

Q (DR. KLEINMAN) I found with particle penetration studies that if you layered the filters
one on tope of the other you ended up with a thick filter and the particles could diffuse through from the
top into the bottom. 1 assume gases could do the same thing. I think a spacer tends to change the
dynamics of the situation. You might find that you do get some differences.

A (MR. FITZ) We would rather not use spacers because they are difficult to fit in there.

Q (DR. KLEINMAN) The other comment is, that we find some of commercially available
nylon filters that were carbonate impregnated to improve nitric acid adsorption were different from batch
to batch. You may want to check your supply differences.

A (MR. FITZ) You might want to have it analyzed. That would explain what we saw.
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Figure 4
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Figure 6
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Schematic Drawing of the Proposed Acidic Species Sampler-PM2.5
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Figure 8
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Figure 9
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Figure 11
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Figure 12
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Figure 13
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Figure 15
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Figure 17
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Figure 18
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Figure 19
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Figure 20
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NEHZAT MOTALLEBI, Moderator

The topic of the next presentation is a new development concerning the size distributions of acidic
aerosols and will be presented by Dr. Walter John. Dr. Walter John retired recently from the
Department of Health Services in Berkeley.

3. New Developments Concerning the Size Distributions of Acidic Aerosols. Dr. Walter John, Private

Consultant.
DR. WALTER JOHN, Private Consultant

My group at the Health Department participated in the ARB Acid Program for about six years
and during that time we did a2 number of things. We developed methods for measurement of acidic gases
and particles. We measured the airborne concentrations at a number of locations. We studied dry
deposition and, culminating in SCAQS, we measured particle size distributicns. That is what I want to
concentrate on today.

At the beginning of the acid program 10 years ago, our concept of the particle size distributions
was basically that developed by Whitby and his collaborators. For fine particles, that is, particles
between 0.1 and 1 micron, there was a peak in size, a mode which was described by a log normal
function. These fine particles were largely combustion products, and the aerosol was formed by gas-to-
particle conversion. Above 1 micron, there was a coarse particle mode which was generated by
mechanical processes such as wind blown dust. Whitby’s model was based largely on number
distributions. The transformation from number to volume, which is the third moment, involves large
errors, and you lose size resolution. Secondly, he had very little chemistry data in the fine particle range
which was both particle size-resolved and chemically speciated. Since then, we have had some
developments which have made possible improved resolution and chemical speciation. Impactors are now
available with cut points somewhat below a 10th of a micron and with high flow rates up to 30 liters per
minute. Chemistry can be done on the samples now. As I want to show you today, this leads us to a
picture of the particles that is quite different from the Whitby picture.

As we started to develop a method, we used the Berner impactor. We used a monodisperse
aerosol to do an accurate calibration of the stage efficiency function. We need high accuracy to be able
to use data inversion techniques. The data inversion basically removes the sampling efficiency function
from the data and gives you a continuous particle size distribution rather than just a histogram. We also
generated ammonium sulfate and ammonium nitrate in the laboratory to make sure that we did not have
artifacts from volatilization. We developed a denuder that went upstream from the impactor to remove
nitric acid. We did a number of comparisons in the field with other types of samplers. So to make the

story short, I think we eliminated the artifacts, and we have a quantitative sample.
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During SCAQS, we collected 900 size distributions, and I want to start off with sulfate (Fig. 1).
This is a logarithmic plot. The aerodynamic diameter is along the X axis, and the concentration, log
concentration, is log diameter, is on the Y axis. We found that all the distributions could be fit by three
log normal functions. A log plot is a natural way to show a log normal function, because you can see
the mode diameter; you can see the geometric standard deviation, and you can see the concentration.
Figure 1 is an average of the parameters during the summer SCAQS study, and I would describe summer
SCAQS days as moderately polluted. This is typical in that most of the sulfate is in the middle mode.
I named that mode the droplet mode, because we had evidence by looking at the samples that the particles
were wet. This mode was unknown to Whitby. The coarse mode I am going to discuss a little later.
I do not believe that this is primarily wind blown dust or a resuspended material. This distribution is
quite different than what Whitby would have showed you 15 years ago. Before our work, Hering and
Friedlander did a study. They measured elemental sulfur particle size distributions in the Los Angeles
basin. They noted that on clean days the distribution peaked at a smaller particle size, and on dirty days,
it peaked at a higher particle size. They quoted two mass median diameters for these cases. Now during
SCAQS we almost always saw both of these modes, the condensation mode and the droplet mode; we
saw changes in the proportions between these two modes. I want to point out that quoting mass median
diameters is misleading because we have two separate populations here, even where they overlap. These
modes reflect different formation processes and so these particles have a different origin in these different
medes, and their detailed chemical composition would be different.

Where did these modes come from? The condensation mode is similar to what Whitby said about
fine particles, that is gas-to-particle conversion. However, in these types of processes, the rate of particle
growth slows down as the particles get bigger. You cannot grow particles much larger than this mode.
You then have a problem. How do you make particles as big as the droplet mode, which is about 0.7
microns diameter? A number of people suggested that it would take an aqueous phase reaction, but no
one explained how those particles could grow out of the condensation mode. Now last year, Ming and
Seinfeld proposed a mechanism to the effect that a subset of particles in the condensation mode get
nucleated into fog or low cloud droplets. The number of particles in the droplet mode is about a 10th
or less of the particles in the condensation mode, so a small amount of the condensation mode particies
are nucleated and grow up to 5-10 microns in size. Then the SO, reacts with those droplets, and after
sulfate is formed the droplet evaporates back down and winds up here. That is the proposed mechanism.
Now, while they give a plausible mechanism for the formation of the droplet mode, they do not provide
any other details. For example, how does the nitrate g=t into those modes? Figure 2 shows the nitrate.
This is averaged over summer SCAQS. In the case of nitrate, the average coarse mode is a little

misleading because for nitrate, the coarse mode is low near the coast and higher inland. This is an
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average over three stations, Long Beach, Claremont, and Rubidoux, spanning the basin. You can see
they are the same three modes. In fact, we think that the nitrate and the sulfate are internally mixed in
the same particles. So how does the nitrate get there? I would like to examine some data in a different
way that might give us a clue or suggestion (Fig. 3). On the left hand side, is a frequency plot. This
is aerodynamic mode diameter and the number of modes having that diameter. Again, you can see the
three modes for sulfate. On the right hand side of Figure 3 is average mode concentration. Let us look
at the range of size in the droplet mode. What you see is that larger the diameter of the mode, the higher
the concentration. I think this is what you would expect; the sulfate is responsible for forming that
droplet mode.

Let us look at the same type of plot for nitrate (Fig. 4). In the case of the nitrate, the frequency
plot shows the same three modes; the concentration plot shows only two events at that point (disregard
the spike at one micron). Looking at the main part of the distribution, the nitrate particles peak, and they
peak at about 0.5 micron. On the droplet mode, the sulfate peaks at 0.7 micron. Half a micron is where
the surface mode of an 0.7 micron volume would peak. It suggests to me that the nitric acid is probably
reacting with the droplet mode, and the droplet mode is formed by the sulfate, but the nitric acid then
reacts with the surface.

Now let us talk about the coarse mode (Fig. 5). I think the coarse mode has not received enough
discussion. This figure was made during the "nitric acid shootout” in Claremont some years ago. The
nitrate has sort of a flattop distribution, and it extends to above 10 microns. The sodium looks similar
to that. This was a period of what we call dry continental air. The air happened to be coming from the
east, a Santa Ana condition, which as you know is not very common. What I want to show you is that
the size distribution seems to change when the wind comes from the west. This is what we normally saw
during SCAQS (Fig. 6). SCAQS days were all very similar. With maritime air, nitrate has a higher
concentration. It peaks sharply, and at the right hand side the peak slopes off. I want to discuss a
possible mechanism for this, and strangely enough, this reaction was mentioned a few minutes ago (Fig.
7). Nitric acid reacts with sea salt, and yields sodium nitrate plus HCI. In this reference, we described
some measurements we made during the nitric acid shootout and also some previous measurements in
which we measured all of these components including the HCL. We got a good mass balance accounting
for the loss of chloride from the sodium in the sea salt in terms of a sum, chloride in HCI plus the
chloride in the fine particles. I did not mention this, but in the droplet mode about 6% of the negative
ions are chloride. There was no sodium in the droplet mode, so where does that chloride come from?
I think it perhaps comes from this hydrochloric acid. This hydrochloric zcid would react with the
droplets and wind up as chloride in the particles,

Now I want to continue to derive the particle size distribution from this reaction with sea salt,
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Figure 8 shows a simple model. Sodium nitrate is the black and sodium chloride is the white. If we start
out with a very small particle, the nitric acid will completely convert the sodium chloride to sodium
nitrate. If we go to a larger particle site, we will reach a critical particle size which is completely
converted. For larger particles than that critical size, only the surface of the particle will be converted.
It does not matter for this calculation whether or not this is mixed into the volume. The question is what
proportion of the sodium chloride is converted? Here are some simple equations (Fig. 9). "P" is the
fraction, mass of sodium nitrates to mass of sodium chloride. The rate of change of mass of sodium
nitrate is the rate of absorption or rate of production of sodium nitrate per unit time per unit area. That
is why I use a small m. Multiply that by t (the time) and by the surface area of the sea salt droplet to
obtain the mass of sodium nitrates. The mass of sodium chloride is the product of its density and the
volume of the particle. This density might be affected a little by the moisture content. For f, we get a
factor which is independent of particle size times one over the diameter. That is a constant over
diameter. We can evaluate the constant by looking at the fact that at about 3 microns, we can set f =
1 and then f = 3/D, 3 microns is where the nitrate peaks when we have maritime air. All we have to
do to obtain the coarse nitrate particle size distribution at Claremont (Fig. 10), is to take the sodium
particle size distribution on the left hand side of the peak since the nitrate distribution will be the same;
these particles are completely converted, so they will be the same size. On the right hand side of the
peak, we multiply the sodium by one over the diameter of the particle, and that gives us the points shown
for calculated nitrate. They follow the measured nitrate nicely. On the left hand side of the coarse nitrate
peak we are mass-limited; on the right hand side we are surface-limited. It has the effect of just shifting
the right hand side of this distribution.

I have another example with measurements from Berkeley (Fig. 11). In this case, the sodium
concentration was higher than the nitrate, and yet we are saying that it was completely converted. I think
what we have here is a mixture of air at the sampling site, which was directly opposite the Golden Gate
Bridge. We had pure marine air arriving. We also had polluted air from San Francisco arriving. I
normalized the sodium, but I got the right shape for the peak. We can derive the particle size distribution
for the sea salt reaction from this simple analysis. We have a reaction here that is a significant sink for
nitric acid. It is producing hydrochloric acid, and some of it gets into the fine particles as chloride, and
so we have acidic gases reacting with some droplets which were nucleated in the nucleation mode and
with other droplets which are sea salt, and they remain coarse particles. The others have moved down
in the droplet mode into the fine particles.

I want to show the utility of using the mode concept for evaluating effects. Figure 12 shows
visibility. This is the light scattering coefficient, bscat per meter, versus aerodynamic diameter. I took

the average inorganic mass size distributions from SCAQS and calculated bscat for each mode. The
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droplet mode dominates the visibility reduction. Unfortunately, the droplet mode is almost exactly
positioned at the top of the light scattering curve, which is a terrible coincidence. Also, since the droplet
mode appears to be formed through sulfur, then sulfur is the determining factor for the visibility reduction
because it puts the mode there. I do not like to give the impression that the droplet mode is always
exactly at 0.7 microns. There is some variation. We saw one day in which there was a large growth,
so it is not always exactly on the peak of light scattering. If you have an even more polluted day, the
sulfate particles can grow beyond the optimum light scattering point.

Figure 13 shows dry deposition, and now the coarse mode dominates the dry deposition because
the deposition velocity goes up very steeply with particle size. The deposition velocity also goes up at
small particle size because of diffusion. However, there are not enough particles there to increase the
deposition flux.

Finally, figure 14 is respirable mass. This is an addition of all the ions together and a plot of
the three modes. I plotted the original coarse distribution, and then I showed it as cut by the respirable
curve. Tam using the ACGIH respirable curve which is what the industrial hygienists use. It is based
on an estimate of the fraction of particles that penetrate to the deep lung. This curve has also been
adopted by the European Union which is developing their particle standards, and also by the International
Standards Organization. It is interesting that in Europe, the same people work on industrial hygiene and
indoor air as well as ambient outdoor air. In this country, we pretend that there is a boundary at the
wall, and somehow the outside is a different problem than inside. A little less than half of the so-called
coarse particles, as far as the inorganic components are concerned, are within the definition of respirable.
A 50% cut point on the respirable curve is 4 microns, and it is not a sharp cut; it has a shape to it. This
also brings up the question that was mentioned before. The EPA is considering the possibility of adding
a fine particle fraction to the monitoring requirement, and so where would you put that cut? The
minimum between the droplet and the coarse mode for sulfate is about 2.1 microns based on our average
SCAQS data, and for nitrate is about 2.3 microns. If you wanted to put it at the minimum, you would
put it somewhere like that. That excludes some of the coarse nitrate particles and sulfate particles which
are respirable, so it is a hard choice to make.

To summarize, we have found that the inorganic ionic species are in three size modes. These
size modes each reflect a different formation mechanism. 1 anticipate that the future in atmospheric
aerosol research is in combining size resolution with chemical speciation, and I think that the more
chemical species we look at, the more modes we will find because each one will have a different

formation mechanism and there will be some interactions between various species.
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NEHZAT MOTALLEBI], Moderator

Thank you very much. Are there any questions for Dr. John?

Q (AUDIENCE) The coarse sulfate is sea salt?

A (DR. JOHN) Not entirely. In the coarse sulfate, the sea salt is only about 10%, from our
data. I think the SO, is also reacting with droplets. While we are beginning to get some idea of the
mechanism, I do not think we are there yet. We need more measurements and I think we need a lot more
modeling to find out. From that point of view, I would point out that we have half a dozen final reports;
we have data in the SCAQS Data Bank, and a lot of under-utilized information there that is available for

us to try to understand, but I think that it is crucial to know the size distribution of these species.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure §

300
] Legend
tqé y AMMONIUM, NH_*
0_
NS NITRATE No*
0 SULFATE, 50,7 _
T T HYDROGEN ION, H*
. 1804 SODIUM, Na*____
‘%\ CHLORIDE, CI"____
N
g 120 4
U( -
D
E 6o -
O _
o . ,_..-._\\
o LA\
L i T TTy 3 LR
0.01 10 50

AERODYNAMIC DIAMETER, D, (uM)

Major ion size distributions during the initial period of dry continental air (Sept. 13), sampling with
both denuder and greased stages. Measurements at Claremont.

269



‘(91 *3dag ‘smy33y837u) 958213 puv I3IpNUIP Yioq YIFm IDJUINTIUT wnipos
autieuw Suoils jo potiad 2yl 103 suoTINqTIISTP BZT8 BATIBIUAISAaday

(wr) °®q "YALANVIA DINYNAGOUAY

0G ot 1 10 10°0
-0
|
' of
° -oor J
g 3]
2 a
-
-002 k-
\ oV E)
/\ - "3q180THD ] N
LN 'HNIGoS -008
JHNOI N3D0UdAH o
= 7.'03 ‘avans qm
0N ILVHLIN - 00¥ ea
+ HN "HOINOKRY i o
( puado] }
00S

270



Figure 7

HNO, + NaCl - NaNO, + HCl

Reaction of nitric acid with sea salt.

Wall, S.M., John, W, and Ondo, J.L. (1988) Measurement of Aerosol Size Distributions for Nitrate

and Major lonic Species. Afmos. Environ. 22, 1649-1656.
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Figure 8
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Schematic of the conversion of NaCl to NaNOQ, by nitric acid. f is the fraction of NaCl convented;
D, is the largest particle diameter for complete conversion.
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Figure 10

100
3
%ﬂ 804 Mgfﬂfew
3 /l,%.‘
% 60 - Cateylated Nitrate o ] / .\\ \.4‘_54042{@2
-} 40 7 '\ \
2 / 4 !
g / |
- / 1
g V4 b
’ /2R

0.01 0.1 1 10 50

AERODYNAMIC DIAMETER, D, (um)

Comparison of the calculated nitrate size distribution to that measured at Claremont.

274



dC (nequiv/m?) / dlogD,

Figure 11

120

©
Q
1

2]
(=]
t

\

Saa’za/rz_ﬁb' B
/ \

/
Nerate ——H\

[Py
/'\;\

o Calewlatod! Nitrmde //‘

30 7 \o \
\\ \
. ]
0 L N L M B LI Il””\lk\\‘ T
0.01 0.1 1 ' 10 50

AERODYNAMIC DIAMETER, D, , (m)

Comparison of the calculated coarse nitrate size distributed to that measured at Berkeley.

275



Figure 12
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Figure 13
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Figure 14
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NEHZAT MOTALLEBI, Moderator
The topic of our next presentation is "Fog and Cloud Chemistry in California” and will be
presented by Dr. Michael Hoffman of the California Institute of Technology.

4. Fog and Cloud Chemistry in California. Dr. Michael Hoffmann, California Institute of Technology.
DR. MICHAEL HOFFMAN: California Institute of Technology

Because of the interest and long-term support of the Air Resources Board, my research group

tried to unravel some of the details of fog and cloud chemistry. The leader of the advisory board here,
Jim Morgan, was the primary impetus to get us involved in field-scale studies of cloud and fog chemistry.
Earlier in 1973, I had put forth some ideas that hydrogen peroxide was the dominant oxidant for SO, in
the atmosphere, and that these reactions took place in water droplets. Back in 1973, that idea was not
well received. People at that time thought that sulfur dioxide was primarily converted in the gas phase
most likely by hydroxy-radicals. More than 20 years later, there is a consensus that on a global basis,
the majority of sulfur dioxide is converted within cloud systems.

This interest, that the Air Resources Board nurtured over the years, really paved the way for
understanding the role of clouds and global atmospheric chemistry. In fact, sulfur compounds may
provide the condensation nuclei or recycled nuclei, as Walter John pointed out, to form clouds on a global
basis, and many researchers are investigating the link between sulfur compounds, cloud formation, and
climate feedback. For example, Professor Seinfeld is involved in that area of research. It is difficult to
summarize our research over a period of 15 years or more. Many of our studies have ended up in the
primary literature. I cannot summarize all of our results, but I will try to give some insight.

We tried to address the size resolution issue back in 1989. In an article that appeared in
Atmospheric Environment in 1989, we examined the dependence of chemical composition of coastal
stratus clouds on droplet size and distance from the coast. We tried to explore some of the ideas that
Walter was stressing; that one gets different chemistries in different droplet size fractions. That is, in
fact, what does take place, so I agree with virtually everything that Walter said, and I also agree, with
the model proposed by John and his student. In addition, we had quite a few Ph.D. theses that resulted
from this work, namely Daniel Jacob, Jed Waldman, Bill Munger, and Jeff Coliett. Daniel is now a
chaired professor at Harvard, a full professor in atmospheric chemistry, so this work has carried him
pretty far. When I was first exposed to atmospheric chemistry and air pollution, I was struck
immediately by the so-called disastrous air pollution episodes and what their implications were. It turns
out that the during London smog episode, from December 5 to December 9, 1952, there were 4000
excess deaths. This was due to a thick sulfurous smog or fog. There were earlier fogs in London and

elsewhere that presaged this particular event, but the unifying theme among all of these disastrous air
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pollution episodes was the occurrence of fog. These episodes were characterized by high sulfur dioxide,
high soot, and fog. In fact, there was a series of articles on fog in the Transactions of the Roval Faraday
Society. One entire issue was devoted to fog chemistry and pollution chemistry in 1936. A Belgian
professor made the prediction in 1936, that if a fog similar to one that had occurred in Belgium in 1930,
were to occur in London, there would be about 3200 excess deaths. This particular phenomenon puzzled
people for many years, and thus motivated us to try to explore what was going on in fog that was
different from photochemical air pollution without fog. We studied London-type smogs versus Los
Angeles-type smogs, even though in Los Angeles, we do have London-like conditions on occasion.
Glen Cass, while working on his Ph.D. thesis at Caltech summarized data available through the
Air Quality Management District in the Los Angeles basin. Glen noted that, at least statistically, the
sulfate concentrations in the Los Angeles basin at different locations, were the highest during fog episodes
or at least when fog was noted at the Los Angeles International Airport. The high sulfate levels seemed
to correspond with high relative humidities. These observations motivated us to look at the droplet phase
more closely. 1 first was exposed to this type of data in 1973, and I tried to imagine, what could the
humidity contribute to those sets of reactions that convert sulfur dioxide to sulfate in the atmosphere.
The intermediate particle-size distribution, that Walter was talking about, was called the haze
aeroso! fraction in the past. These droplet-sized haze aerosol particles provide the fog condensation
nuclei for heavy fog formation. In addition they process a certain portion of sulfur as S(IV). However,
we believe that the larger droplets will be more important for dynamic S(IV) conversion within droplets.
When the humidity decreases again, one will get this droplet sized haze aerosol. In a nut shell, one can
certainly have gas-to-particle conversion. In the case of sulfur dioxide, hydroxy-radical will oxidize SO,
to produce in the gas-phase to produce gas- phase sulfuric acid and hydroxy-radical will oxidize nitrogen
dioxide to yield nitric acid. These gas-phase acids then react with ammonia. Haze aerosol droplets
contain sulfate, nitrate, ammonium ion, and protons, and, with an increase in relative humidity, one can
get cloud or fog droplets that are dominated in mass composition by ammonia, nitrate, and sulfate.
Our studies were extended in the early part of 1981 to include the San Joaquin Valley and San
Francisco. One of the major challenges, that we faced in the beginning, was development of a method
to collect cloud water in order to sample clouds in real time and thus to determine the chemical
compensation of clouds and fogs. There were really no good methods availabie at that time. Many early
efforts were devoted to devising instruments that we could use to routinely collect cloud water to avoid
conta:hination, to have a representative sample, and to analyze the collected water in order to obtain a
time distribution of the chemical components within a particular cloud or fog event. One of the later
types of devices was a flow-through collection device that was closed when not in operation. It was fully

autornatic so that as soon as it sensed the presence of a cloud or fog, this system would be activated. The
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doors would open and then the droplets were collected by inertial impaction on Teflon strings that were
strung across a rack. In the size-fractionating collectors, we had a number of different collection points,
similar to a sequential impaction collector, so we could sample different droplet size fractions. Towards
the end of our CARB projects, we employed fully automated systems. The remote sensing device was
a light scattering system which responded to cloud droplets. In addition there was a refrigerated and
automated sample collection unit.

We started out thinking that we could conveniently collect cloud water with something we called
a rotating arm collector. This was essentially a propeller blade that rotated at a certain velocity and
collected droplets by inertial impaction. This was much more difficult to operate on a continuous basis,
because we had to stop the collector from rotating in order to empty the sample bottle. It worked quite
well in the beginning, and much of our earlier data were collected with that collector. There were several
occasions when the arm broke off. Sampling at night in urban neighborhoods posed a problem; the
sounds of the propeller irritated a lot of people, so we moved to remote locations.

What did we find? We were focused early on determination of the chemical concentrations or
composition that one would find in rain. We knew that clouds and fogs should be more concentrated,
but we were surprised at how concentrated they were. To give you an idea, many of the concentrations
of components in clouds were milliequivalents per liter whereas in acid rain on the east coast, the
concentrations in the liquid phase were in the range of microequivalents per liter; these are factors of 100
less in many cases. We noted also that many of the fogs throughout the LA basin and elsewhere were
hyper-acidic. They had very low pH values and contained more nitrate than sulfate. Initially, we thought
that we would find more sulfate than nitrate, but the fogs were dominated by nitrate. In most other
places around the world, the clouds are often dominated by sulfate over nitrate. There was one extreme
event at Corona del Mar, where we had readings below pH 2. There was very little acid neutralization
at Corona del Mar. Most of the acidity associated with nitric and sulfuric acid was neutralized by
ammonia as one moved eastward in the basin, and you see that reflected in the ammonium ion. Along
the coast, there were often samples that had very little ammonia.

I agree with Walter’s argument, that most of the nitric acid is scavenged after the cloud forms
around a condensation nucleus, which may be ammonium sulfate or perhaps a mixture of ammonium
nitrate and sea salt. Then the gas phase nitric acid is scavenged as soon as one gets a droplet size
distribution characteristic of fog. It is that gas phase nitric acid that is pulled into the droplet and results
in the intense acidifications seen in the Los Angeles basin.

We also looked at time series. In Bakersfield, fogs were usually not acidic. However, there
were occasions when the acid neutralizing capacity from the cattle feed lots was overwhelmed by the

sulfur dioxide emissions, resulting in highly acidic fogs in the Bakersfield area. OQildale is a sulfate
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dominated system up in the Bakersfield area relative to nitrate, nonetheless a fairly acidic environment.

In San Diego, we observed a different time series for the concentrations of principal components.
San Diego also had relatively acidic fog, but when we did the back trajectories on the air mass, this air
mass was actually moving from the South Coast Air Basin out to sea, and then it came back in on San
Diego. There were relatively low pH’s in the fog water that was collected over this period of time. It
was a nitrate dominated system which is characteristic of the Los Angeles basin. Using the principles
that Sheldon Friedlander had developed, we looked at the trace element composition, and we were able
to back calculate the various components in that particular fog or coastal cloud episode in San Diego.
The composition was mainly secondary sulfate and secondary nitrate, from the Los Angeles basin. The
sea salt component added to the total loading in micrograms per cubic meter.

Let us come back to the London fog episodes. These were episodes in which people died;
upwards of 4000 excess deaths occurred during a single event. During a few events they actually
measured the acidity in the air by total titration of aerosol samples. This value was listed as sulfuric acid,
bur it was the titratable acidity in micrograms per cubic meter. If that was the amount of sulfuric acid
available in a typical cloud droplet system with a liquid water content of 0.2 grams per cubic meter, the
pH values will be below 2. These predicted values can be compared to some of the early episodes in
the Los Angeles basin where the acidity consists of sulfuric and nitric acid.

The cloud composition over the Los Angeles basin has been relatively uniform over the years.
We have continued to make measurements from about 1981 to the present. In San Pedro, located down
along the coast in Los Angeles, we found relatively high concentrations of sulfate. There was nitrate
present as well as acetate, formate, hydrogen peroxide, and sulfur dioxide, and this points to some
interesting chemistry. Early on, we predicted that sulfur dioxide and hydrogen peroxide should not
coexist in the droplet phase. This led us to some interesting chemical discoveries. The pH, even in
marine stratus clouds, will be as low as 2.2, and these are clouds coming directly off the ocean. Of
course the air mass could have been over the Los Angeles basin the previous day.

Our general conclusions about the factors that lead to either high or low gH conditions are as
follows. The primary sources of acidity are NO and SO,. They are converted to their corresponding
acids and incorporated into fog droplets or haze aerosol. Ammonia is scavenged from various sources,
and neutralizes the acidity. With an insufficient amount of ammonia available relative to the acid that
has been produced, low pH conditions are generated. In those regions where ammonia is high, the
acidity is neutralized, and high pH conditions in clouds or fog are observed. In the Bakersfield area, the
battle was essentially between the sources of acidity: the steam generation plants used for the tertiary
recovery of oil and the agricultural activities in the San Joaquin Valley. In an article that appeared in

1984, 1 reported some of those very acidic values. The people in Bakersfield and the newspaper
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reporters were excited that they were being exposed to these very acidic fogs, and then they were really
disappointed the next year, when we found that most of the fogs were quite basic.

During that particular period, the pH values during winter were about 5.1 to about 7; Visalia was
even higher. The only acidic conditions were found at McKittrick, where there were no cattle feed lots.
All the high pH fogs were located in areas where there were many cattle feed lots.

Let us come back to the very early model of what goes on in a cloud or fog system. We were
able to determine that most of the chemical composition within cloud systems comes from nucleation
scavenging. The haze aerosol promotes the condensation of water when the relative humidity is
sufficiently high. In addition, gas phase compounds can transfer into the water phase of droplet aerosols.

The sulfur compounds can lead to in situ production of sulfate and protons. The droplets themselves very

readily scavenge nitric acid. They also scavenge HCI that was released from the sea salt aerosol reacting
with nitric acid. As soon as a cloud forms, it can scavenge back the HC] as Walter pointed out.

In the transition from a dry atmosphere to a humid atmosphere, we can imagine starting out with
dry aerosol. This aerosol is the condensation mode, in the range above 0.1 micrometer. Above a certain
humidity, the aerosol becomes deliquescent. We form the haze aerosols that you saw in one of the eariier
pictures, and then at 100% relative humidity, we get a fog. A lot of the in situ conversion takes place

here. When the relative humidity drops, you get this droplet size particle that Walter was talking about.

Over the years, we found a number of interesting facets about the in situ chemistry. Our early
thinking in the 70s, was that the principle oxidant of sulfur dioxide in the atmosphere was hydrogen
peroxide, and this oxidation should take place in cloud droplets. These field studies allowed us to verify
many laboratory studies. The major pathway is a pathway that I had worked out in the early 70s, and
it essentially involves the oxidation of aquated sulfur dioxide to produce sulfate. However, as I
mentioned, we were finding the co-existence of sulfur dioxide, S(IV) in the liquid phase, and also
hydrogen peroxide. Chemically, they should not coexist. Thus we needed to rationalize these
experimental field observations. We realized that sulfur dioxide from the gas phase was partitioning into
the liquid phase, but so were a wide range of aldehydes, such as formaldehyde, glyoxal, methylglyoxal
and hydroxyacetaldehyde. There are many aldehydes that are produced photochemically in the
atmosphere. They get scavenged into the droplet phase in addition to formic acid, acetic acid, oxalic acid
and so forth. Now, a very interesting thing takes place. This is essentially the "wine bottle" or "beer
bottle” reaction. Brewers and vintners add sulfur dioxides to wine and beer in order to trap any
aldehydes that are produced through alcohol oxidation. The oxidation of alcohol affects the flavor of red
wines, in particular, and also beer. S(IV) and aldehydes form hydroxyalkylsulfonates. We learned from

our cloud studies, that these reactions are quite important. We then studied a whole series of these in
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laboratory experiments both kinetically and thermodynamically. We saw that there was another pathway
for acidification in addition to incorporation of sulfuric and nitric acid that was the in situ reaction of
sulfur dioxide with aldehydes such as formaldehyde to produce hydroxymethane sulfonate. This pathway
ended up producing excess acidity, and it also accounted for the novel coexistence of S(IV) and H,0,.
S(IV) is thus a combination of aquated sulfur dioxide primarily as bisulfite, hydroxymethane sulfonate,
plus other aldehyde-bisulfate species. This chemistry allowed for the very high concentrations of SAV).
We developed analytical methods to actually identify these compounds. Once again, the gas phase
chemistry is important to what we see in the liquid phase. You cannot separate the gas phase from the
liquid phase because they are very highly intertwined. For instance, the aldehydes that we see in the
droplet phase come from the gas phase photo-oxidation via hydroxy radical of toluene and xylene, We
see glyoxal, methylglyoxal, and unsaturated aldehydes and a variety of other aldehydes. These all bind
sulfur dioxide and lead to the production of acidity.

There was a tremendous amount of work done over the years. We did look at cloud chemistry
and snow chemistry up in the Sierra Nevada. In the Sierra Nevada, we had automated collection devices
that could operate for a month at a time collecting and documenting fog and cloud frequency. We still
have several sampling sites in Yosemite in operation. After several years of intensive study, one could
look at the relative composition of rain water in that area, because we also know how much rain fell.
Due to higher concentrations in cloud water, impaction at higher elevations resulted in substantially more
deposition of nitrate and ammonium, than by rain. In terms of sulfate, rain and cloud water were about
equal. Cloud-derived impaction, from clouds moving through the trees introduced a lot of nitrates,

sulfates, and various acid components to those environments.
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